Abstract. In this note, we are interested in the existence of multiple periodic solutions of nonautonomous Hamiltonian systems with bounded gradient of the type:
Introduction
Let H : Rx M 2N -• R, (i, x) H(t, x) be a continuous function, Tperiodic in the first variable (T > 0) and continuously differentiate with respect to the second one. Let e : R -• R 2iV be a continuous T-periodic function with mean value zero. We are interested in the existence of multiple periodic solutions of the following nonautonomous Hamiltonian system: We remark that the case "A = 0, B = 0" is not treated in the announced Chang's theorem. In section 3, we will study the case "A = 0, B = 0". In this direction, we omit Chang's assumption: "He C^S 1 x R 2N ,R), H" is bounded"; we only assume that H e C 1 (5 1 x M 2W ,R). Furthermore, we replace the assumption 3 in Chang's theorem 5 by a weaker one. In this case, we prove the existence of multiple periodic solutions of the system (7i e ). This result also generalizes the one given in [7] .
In section 4, we will deal with a bounded Hamiltonian and we prove the existence of multiple periodic solutions of the system (H e ). This result generalizes the one in [8] .
Preliminaries
We will recall a minimax theorem: "generalized saddle point theorem [2] ", which will be useful in the proof of our results.
Given a Banach space E and a complete connected Finsler manifold V of class C 2 and consider the space X = E x V. Let E = W ® Z (topological direct sum) and E n © Z n be a sequence of closed subspaces with Z n c Z,
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For / e C^X.R), we denote by fn = fan. Then we have /" € C^X«,®), for all n > 1. DEFINITION 2.1. Let / € C 1 (X,IR). The function f satisfies the PalaisSmale condition with respect to (Xn) at a level c € R if every sequence (xn) satisfying
has a subsequence which converges in X to a critical point of /. The above property will be referred as the (PS)* condition with respect to (Xn).
Generalized saddle point theorem. Assume that there exist r > 0 and a < (3 < 7 such that a) / satisfies the (PS)* condition with respect to (Xn) for every c 6 [ The following result about X is needed:
In particular there is an a > 0 such that ||x|| L 2 < a||x|| for all x 6 X.
Unbounded Hamiltonian
Our first main result is the following one: THEOREM 3.1. Assume that the Hamiltonian H satisfies the following conditions: (Hi) H is periodic in the variables x i,...,Xp, {H 2 ) Either
Then the Hamiltonian system (He) has at least (p+1) T-periodic solutions that are geometrically distincts.
Proof of Theorem 3.1. In the following, we will consider the case (#2)^), the other one being similar. Let us consider the functional : X -> IR defined on the space X introduced above by
It is well known that ^ is continuously differentiate and one has
It is clear that the critical points of the functional ^ on X corresponds to the T-periodic solutions of the system (He)• Let (ej)i<j<2N be the standard basis of R 2N , we set
To find critical points of $ we will apply the generalized saddle point theorem to the functional with the subspaces Z -Y\ © X + , W = X~ and the connected Finsler manifold v = V {x which is nothing but the torus T p . We regard the functional ELS defined on the space X = (W ® Z) xV.
First, we will check that for all c 6 K, the functional ^ satisfies the (PS)* condition with respect to the sequence of subspaces (Xn) defined above.
Let us consider a (PS)* sequence (un) for that is The functional ^ satisfies all the generalized saddle point theorem assumptions, so it has at least cuplength (F) + 1 critical points on X, and since V is the torus T p , then cuplength (V) = p and Theorem 3.1 is proved.
Bounded Hamiltonian
Consider the following assumptions: (Ho) $0 H(t, x)dt ^ 0, for all x € R 2N and H has constant sign, 
Then the Hamiltonian system {Ho) has at least (p+1) T-periodic solutions that are geometrically distincts.
Our third main result is:
.2. Assume that the Hamiltonian H satisfies {Hq), {Hi), (#4), (# 5 ) and the assumption: {Hq) {H'{t, .))teR is uniformly equicontinuous. Then the Hamiltonian system {Ho) has at least {p+1) T-periodic solutions that are geometrically distincts.
Proof of Theorem 4.1. Here, we study the case e = 0. Prom assumption {H0), we can assume that By Proposition 5.39 in [5] , the functional ip is continuously differentiate. Moreover, one has
and it is well known that the critical points of the functional (p on X correspond to the T-periodic solutions of the system {Ho).
To find critical points of the functional ip we will apply the generalized saddle point theorem to <p with the subspaces Z = X + ,W = X~ ® Yi and the connected Finsler manifold V introduced in section 3. We regard the functional <p as defined on the space X = (W © Z) x V.
In the following, we will need: The functional <p satisfies all the generalized saddle point theorem assumptions, so it has at least cuplength (V) + 1 critical points on X, and since V is the torus T p , then cuplength (V) = p and Theorem 4.1 is proved.
Proof of Theorem 4.2. To prove this theorem, we will need: 
